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CLAIMS 



What is claimed is: 




A method for determining in an electrical signal a presence of sinusoids used to 
encode dialed digits, the me^fod comprising: 

splitting the electoical signal into subbands; and 

analyzing energies within subbands to determine the presence of the 
sinusoids corresponding to frequencies of the dialed digits. 



The method according to Claim 1, wherein splitting the electrical signal into the 
subbands comprises extracting subbands of 0-1 kHz and 1-2 kHz. 



10 3. 




The method according to Claim 1, wherein splitting the electrical signal into the 
subbands comprises filtering the electrical signal using a power symmetric 
infinite impulse response (PS-IIR) filter. 

\The method according to Claim 3, wherein the PS-IIR filters are implemented in 
. polyphase form. 



15 5. Tme method according to Claim 3, wherein the PS-IIR filters comprise all-pass 
sedtions implemented in compact realizations. 

6. TheWethod according to Claim 1, further comprising filtering the subbands with 
at least one bank of filters comprising filters corresponding to the number of 
possible frequencies of the sinusoids within the respective subbands. 



20 7. 



The method according to Claim 6, wherein the filters are notch filters. 
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The method according to Claim 6, wherein, for DTMF detection, splitting the 
electrical signal comprises (i) extracting a 0-1 kHz subband and a 1-2 kHz 
\subband and (ii) filtering the subbands with four notch filters per bank of filters. 




10 



15 



The method according to Claim 6, wherein, for MF-R1 detection, splitting the 
electrical signal comprises (i) extracting a 0-1 kHz subband and a 1-2 kHz 
subband and (ii) filtering the 0-1 kHz subband with two notch filters and the 1-2 
kHz subband with four notch filters. 

10. The method according to Claim 6, wherein: 

\r MF-R2 forward detection, splitting the electrical signal comprises (i) 
extracting a 0-1 kHz subband and 1-2 kHz subband and (ii) filtering the 1-2 kHz 
subband with six notch filters; and 

for backward detection, splitting the electrical signal comprises (i) 
extracting a\0-l kHz subband and a 1-2 kHz subband and (ii) filtering the 0-1 
kHz subband with a notch filter at 980 Hz, to remove aliasing of a 1020 Hz tone 
in the 1-2 kHz subband, and four other notch filters and the 1-2 kHz subband 
with two notch filters. 



1 1 . The method according to Claim 6, further comprising preclassifying the 

sinusoids in thel subbands and selecting filters within respective banks of filters 
that match frequencies of the preclassified sinusoids. 



20 12. The method according to Claim 1, wherein analyzing the energies comprises 
determining whether a summing of the energies in the subbands exceeds a 
minimum threshold level. 
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The method according to Claim 1, wherein analyzing the energies comprises 
determining whether a difference between the energies in the subbands is below 
a twist-test threshold. 

The method according to Claim 1, wherein for each subband, analyzing the 
energies comprises comparing energy levels of an output of a notch filter having 
a towest output energy level from among at least two notch filters in a bank of 
filters to the energy of the input signal to the bank of filters. 

The method according to Claim 1 5 wherein analyzing the energies further 
comprises reporting valid dialed digits. 

The method according to Claim 1, wherein the electrical signal is sampled by an 
analog-Wdigital converter and splitting and analyzing the electrical signal is 
executed by a digital processor. 

An apparatus, comprising: 

a splitter to/separate an electrical signal into subbands; and 

an analyser to measure energies within the subbands to determine a 

presence of sinusoids corresponding to frequencies of dialed digits. 

The apparatus according to Claim 17, wherein the splitter extracts subbands of 
0-1 kHz and 1-2 kHz. 



The apparatus according to Claim 17, wherein the splitter comprises a power 
synimetric infinite impulse response (PS-IIR) filter to separate the signal into 
subbands. 



The apparatus according to Claim 17, further comprising at least one bank of 
filters to filter the subbands, the bank of filters comprising filters corresponding 
to the number of possible frequencies of sinusoids within the respective 
subbands. 

he apparatus according to Claim 20, wherein the filters are notch filters. 

Thd apparatus according to Claim 20, further comprising at least one 
preclassifier to determine the sinusoids in the subbands and to select filters 
within respective banks of filters that match frequencies of the sinusoids. 

The apparatus according to Claim 17, wherein the electrical signal is sampled by 
an analog-to-digital converter and the splitter and analyzer are implemented in 
digital processor instructions and executed by a digital processor. 

The apparatus according to Clam 17 being employed in a device supporting 
voice-overhlP. 

An apparatus, comprising: / 

an analog-to-digital converter sampling a received analog signal and 
outputting a corresponding digital signal; and 

a digital processor coupled4o an output of the analog-to-digital converter 
to receive the digital signal, theydigital signal processor executing program 
instructions to: / 

split the digital signal into subbands; and 
analyze ene/gies within the subbands to determine a presence of 
sinusoids corresponding to frequencies of dialed digits. 
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The apparatus according to Claim 25, wherein the program instructions to split 
the digital signal into subbands comprise instructions to extract subbands of 0-1 
kHz and 1-2 kHz. 
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27. the apparatus according to Claim 25, wherein the program instructions to split 
the electrical signal into the subbands comprise instructions to filter the 
electrical signal using a power symmetric infinite impulse response (PS-IIR) 
filAr. 

28. The apparatus according to Claim 25, further comprising program instructions to 
filter the subbands with at least one bank of filters comprising filters 
corresponding to the number of possible frequencies of sinusoids within the 
respective subbands. 



29. The apparatus according to Claim 28, wherein the filters are notch filters. 



15 



30. The apparatus according to Claim 28, further comprising program instructions to 
preclassify tthe sinusoids in the subbands and select filters within respective 
banks of filiers that match frequencies of the preclassified sinusoids. 



3 1 . The apparatup according to Claim 25 employed in a device supporting voice- 
over-IP. 




An apparatus, comprising:/ 

means for splitting an electrical signal into subbands; and 
means for analyzing energies within the subbands to determine a 

presence of sinusoids corresponding to frequencies of dialed digits. 
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The apparatus according to Claim 32 employed in a device supporting voice- 
oVfcr-IP. 

A computer-readable medium havirig stored thereon sequences of instructions, 
the sequences of instructions including instructions, when executed by a 
processor, causes the processor to perform: 

splitting an ^lectrical signal into subbands; and 
analyzingy&iergies within the subbands to determine a presence 
of sinusoids corresponding to frequencies of dialed digits.* 
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$5. The computer-readable medium of Claim 34, wherein splitting the electrical 
signal into subbands comprises extracting subbands of 0-1 kHz and 1-2 kHz. 



36. 




The computer-readable of Claim 34, wherein splitting the electrical signal into 
subbands comprises filtering the electrical signal using a power symmetric 
^infinite impulse response (PS-IIR) filter. 

le computer-readable medium of Claim 34, further comprising instructions 
wraich, when executed by the processor, causes the processor to filter the 
subbands with at least one bank of filters comprising filters corresponding to the 
number of possible frequencies of sinusoids within the respective subbands. 



38. The computer-readable medium of Claim 37, wherein the filters are notch filters. 



39. The computer-readable medium of Claim 37, further comprising instructions 
20 which, when executed by the processor, causes the processor (/) to preclassify 

the sinusoids in the subbands and (//) to select filters within respective banks of 
filters that match frequencies of the preclassified sinusoids. 
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A voice-over-IP device, comprising: 

a receiver receiving e/ectrical signals composed of voice signals and 
dialed digit sinusoids corresponding to dialed digits; 

a detector monitomng the electrical signals and detecting the dialed digit 
sinusoids correspondin^to dialed digits, said detector: 

splitting the electrical signal into subbands, and 
analyzing energies within subbands to determine a presence of 
the sinusoids corresponding to frequencies of the dialed digits; and 

a generator generating packets of data comprising (/) voice signal 
data and (s) information corresponding to the dialed digits. 





